~ AD~A112 059 FLUOROCHEM INC AZUSA CA

3 SYNTHESIS OF FLUORINATED ACETYLENES.(U)
MAR 82 K BAUMs C D BEDFORD» R J HUNADI

UNCLASSIFIED TR-3

| “‘IIIIII

|

F/76 7/3 N
N00014~-78=~C~-0520
NL

END
| fLMED
4-82

oTic




1O kN N
- T R "=
fli = 2
e

=

2

O

i< e

MICROCOPY RESOLUT'ON‘ TEST CHART




ADA112059

i s,

’

ke R e A i

T e

O 4 Rt ad e
D N
e m an mae - e —aalale sl

T FiLe COPY

e AT S

OFFICE OF NAVAL RESEARCH

‘ Contract NOOO1lL-T8-C-0520
Task No. NR 356-688
TECHNICAL REPORT NO. 3

Synthesis of Fluorinated Acetylenes
by
Kurt Baum, Clifford D. Bedford and Ronald J. Hunadi
Prepared for Publication
in the |

Journal of Organic Chemistry

Fluorochem, Inc.
680 S. Ayon Ave.
Azusa, CA 91702

March 1, 1982

Reproduction in whole or in part is permitted for
any purpose of the United States Government

This document has been approved for public release
and sale; its distribution is unlimited

Copy aveilable

t
Permit fully Jeg; ° DTIC does not

ble reproduction




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

o ——t




, Unclassified 1
1 ~é * ‘ SECURITY CLASSIFICATION OF THIS PAGE (When Data Entersd) i
‘READ INSTRUCTIONS .
REPORT DOCUMENTATION PAGE BEr D NI TRUCTIONS :
< . REPORT NUMBER 2. GO_VT ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER .
‘ Technical Report No. 3 A ‘& /A 059 '
4. TITLE (and Subtitie) 5. YYPE OF REPORT & PERIOD COVERED
Technical
. Synthesis of Fluorinated Acetylenes
. ; 6. PERFORMING ORG. REPORT NUMBER
A 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
i
> ! Kurt Baum, Clifford D. Bedford and NOOO1k-78-C-0520
i Ronald J. Hunadi i
* 9. PERFORMING . RGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT TLK
A AREA & WORK UNIT NUMBER
o Fluorochem, Inc.
i 680 S. Ayon Ave. NR 356-688
‘2 Azusa, CA 91702 ;
» 11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE 3
; Office of Naval Research 1 March 1982 i
o Arlington, VA 22217 . 13. NUMBER OF PAGES E
. 32
, 4. MONITORING AGENCY NAME & ADDRESS(i! ditierent {rom Controlling Office) 15. SECURITY CLASS. (of this report)
Ew Unclassified
:‘.T 15a. DECL ASSIFICATION/ DOWNGRADING 2
4 SCHEDULE 1
0. ‘ i
-

16. DISTRIBUTION STATEMENT rof this Report)

This document has been approved for public release and sale;
its distribution is unlimited.

17. DISTRIBUTION STATEMENT (ol the abatract entered in Block 20, if different Isom Rey.rt)

Cer w6 e

18. SUPPLEMENTARY NOTES

Submitted to Journnl of Organic Chemistry

19. KEY WORODS (Continue on reverse side t{ necessary and identify by . ~)

Flourocarbons; monomers; acetylenes; synthesi., "MR spectra; IR spectra

W

268{ ABSTRACT (Continue on reverse *ijr if necesaary and identify by block number)

New routes to fluorinated acetylenes were developed based on additions of
iodofluorocarbons to silylacetylenes. Free radical addition of , -diiodo-
perﬂuoroa.l.ka.nggbto trimethylsilylacetylene gave the iodotrimethylsilylolefins,
g MeJS11C=Ch(CPp) LH=CIS1Me3, which reacted with potassium t-butoxide or DBU to

; give the trinetgylsilylacetylenes, and with an excess of “the base, the free
: diacetylenes. Perfluoroalkyl iodides similarly gave perfluoroalkyl acetylenes.

- M

DD ";2:"" 1473  €0ITION OF 1 NOV 3 1S OBSOLETE
1

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
[

cap W BRI A .

i
i
i
i




g pcied gt o~
. Pyl
e e i s an e et

L o g~

A5t SRR AP .12

- NS UEE——

Unclussified

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)

The addition of perfluorcheptyl iodide to phenylacetylene, followed by treat-
ment with potassium t-butoxide gave l-phenylperfluorononyne. The peroxide cat-
alyzed reaction of perfluorcalkyl iocdides and bis(trimethylsilyl)acetylene
gave 1:1 adducts, R{t(lMe2516H21)C+CHS:LMe3 , resulting from intramolecular hydro-
gen abstraction by the initially formed vinyl radical. However, the thermal
reaction of perfluoroalkyl iodides and diiodides with bis(trimethylsilyl)acet-
ylene in the presence of free iodine gave the trimethylsilylacetylenes, which
were desilylated with potassium fluoride. A route to diacetylenes was invest-
jgated based on addition of perfluoroiodo compounds to ethylene, dehydroiodin-
ation, bromination and elimination.

Unclussified

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

¥
4

L & e a
ol ~ SIS HTe .




1
Synthesis of Fluorinated Acetylenes

Kurt Baum,’ Clifford D. Bedford and Ronald J. Hunadi

Fluorochem, Inc., Azusa, California 91702

Abstract

New routes to fluorinated acetylenes were developed based on additions
of ilodofluorocarbons to silylacetylenes. Free radical addition of oC -diiodo-
perfluoroalkanes to trimethylsilylacetylene gave the iodotrimethylsilylolefins,
)b3SiIC=m(Q-‘2)nm=CISiMe3, which reacted with potassium t-butoxide or DBU to
give the trimethylsilylacetylenes, and, with an excess of the base, the free
diacetylenes. Perfluoroalkyl iodides similerly gave perfluoroalkyl acetylenes.
The addition of perfluoroheptyl iodide to phenylacetylene, followed by treat-
ment with potassium t-butoxide gave l-phenylperfluorononyne. The peroxide ca-
talyzed reaction of perfluoroalkyl iodides and bis(trimethylsilyl)acetylene
gave 1:1 adducts, RF(MeasiCHEI)C=0831Me3, resulting from intramolecular hydro-
gen abstraction by the initially formed vinyl radical. Howvever, the thermal
reaction of perfluorocalkyl iodides and diiodides with bis(trimethylsilyl)acety-
lene in the presence of free iodine gave the trimethylsilylacetylenes, which
were desilylated with potassium fluoride. A route to diacetylepmes was inves-
tigated based on addition of perfluoroiodo compounds to ethylene, dehydroiodi-

nation, brominations and eliminations.




Although‘ perfiucroalkyl-substituted vrimary acetylenes have been inown
for three decades, pcrrluoroalkylene diacetylenmes, HC=C(CF,) C=CH, nave not
been reported. liasze].d:lnee’3 originally prepared 3,3,3-trifluoropropyne by
the addition of trifluoromethyl iodide to azetylene (70-80%) followed by de-
hMlogemtion (75%). Perfluoroethylacetylene was prepared similarly.u
Henne and llsger5 developed a Lhign yield multistep route to 3,3, 3-trifluoro-

propyne that avoided the use of acetylepe under pressure; bromination of 3,3, 3-

trifluoropropene was followed by dehydrohalogenstion, another bromination, de-
' 6

bydrohalogenstion and dehalogenation (Scheme 1). More recently, this approach

wvas used to prepare the perfluorobutyl, perfluorohexyl and perfluorooctyl
anmhlogs.

Scheme 1
Br2 KOH

Br2 ROH Zn
—_— @3&3!‘2&23}' ~ CF3CB!‘=C}{BI' —_> CF3C§Q‘1

Using o ;a-diiodoperfluoroalkanes as starting materials, available from
the telomerization of tetrafluorcethylene with 1odine,7 ve approached the syn-
thesis of o¢,uw-diacetylenes using Lenne's sequence (Scheme 2). Reactions of
ethylene vith 1,4-diiodoperfluorobutane and 1 ,6-diiodopert1uor§hemne ,
followed by dehydrohalogenations, have been reported to give the corresponding
ct,w-dioloﬂn.a Bromine adducts of these olefins were obtained




‘.

in 7“'91% yield. The reaction of 3, 3;'*:‘*;5.5,5,6-0Ctﬂflu°1'°-l:2;7,8-tetrabro-
mooctane with potassium hydroxide in methanol gave 2,7-dibrowo-3,3,4,4,5,5,6,6-

octafluoro-1,7-octadiene. Anotner bromination followed by reaction with metha-

Scheme 2

()l + Gy, -——> I, G, (CF,) GGyl

KOH Brs
——> Clp=Qi(CFy) M=y ——>Bri,yGiBr( (¥, ), Jilr O, e n=h, G
Kol

BrCH, CHBr ( CFy )y, BrCH,br ——> Q= Chr(CF, )y, U3r- Cl,

Br, KOH
——> BrCH,CBr,(<F5 ), CBr. ,(HyBr ——> BrM-CBr( 1)), CBr=(HEr

nolic potassium hydroxide gave a complex product fxture, tin major componcnt of whick
was igolated by GC and identified as the desired 1,2,7,8-tetrabromo-3,3,4,4,5,
5,6,6-octafluoro-1,7-octadienc. Although moderateiy Joed yields wers obtained

for cach step of th> sequence, overall yields were poor. ‘Therefore, thls ap-

proach to diacetylence was abandoncd.

Trimethylsilylacetylene Additions. The trimethylsilyl sroup is a con-

venient Slocking group for the synthesis of acetylenes. The synthesis of
arylacetylenes has recently been reported using a paladium-citalyzed counling
of aromatic halides with trimcthylsilylacetylene, followed by desilyiation of
the resulting arylacetylene derivatives with nucleorhiles., 9, 10

We undertook thc synthesis of fluoroecarbon acetylenes by the freo rodi-

cal addition of iodofliuorocartens to trimethylsilylncetylene.

3
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Treatment of 1,6-difodoperfluorviexune with an cxcess of trincthylsilylacety-

T

3 : lene in the presence of di-t-butyl peroxide at 120°C for €5 1 ;ave a %% yield
_ ' of the diadduct, 3,3,1»,l»,s,5,6-,6,7,'(,a,e-dodecarluoro.-l,10-o-iiodo-1,1r)~bis(tr1methylsi ?
,bi 1,9-decadiene. With a reaction time of 47 h, a 73% yicld was obtained of the

, ', . corresponding product in wuich only ope fodine of the 1,6-difodonerflucrohexane

was involved. A nixture of 1,!-diiodoperfluorooctanc, 1,1G-uiiodoperfluorode-

cane and 1,12-diiodoperfluorodiciccane, readily obtained from the iodin:-tetra-

> 0 de N

\.
PREvEvR-t .

fluoroethylene reaction, gave a 95% yield of the diadducts. Lower diiodides, !

however, a1d not readily give diadducte. Thus 1,L-dilodoperfluorcbutane gave

a complex mixture containing 33% of the monoadduct and 20% of the diadduct,

P .
e Ty

[P SOOI ALY

based on GC analysis. Only the monoadduct was isolated from 1,2-di-

AT 4

icdoperfluoroethane. A monofunctional starting mterial, verfluoroheptyl
iodide, gave a 92‘5 yield of 3,3, h ’ 4 29, 5'6J 6: Ty 8) 8; 2,9,9-pentodecafluoro-1-
10d0-1-(trimethylsilyl)nonene.

| I(cx-‘a)nx + HC:CSiMeq —-—-)(M:381)IC=CH(t!F‘a)n(}i=CI(SiMe3)
. n=6,8 10, 12

|

, : c"3(°’2)61 + HO:CSiMey -— cx-*3(cr‘2)6ux-_-c1(sme3)

P

These trimethylsilyl iodo olefins were obtuined as o mixture of ¥ and &

isomers, separable by GC. Ilsomer assignments were based on NMR comparison
11

vwith the hydrocarbon analogs. 'The vinyl proton of (E)-1-1odo-1-trimcthyl-
silylhexene appears at §7.1 (t, I = 8 Hz) and that of the (2) 1somer, at §6.1
(t, gy = 6 Bz).The respectivc values for the fluorinated compounds arc 7.1

(t, Jgp = 14-26 Bz) and 6.8 (Jyp = 10-13 Rz). The silyl methyls for the (E) 1so-

Bers appear &s triplcts whereas those of the (Z)-isomers appear as singlets.

"
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The OL-CFa groups of the (E)-isomers appcar at @ 1G7-10Y end those of thne
(2)-isomers, at 111-113 ppm.

Dehydroiodination of these 1-iodo-1-(trimethylsilyl)olefins was quite
sensitive to the types of bgsic reaents that were employed. The reac-
tion of (Me351)IC=CE(JFQ)6CH=GI(31ME3) with methunolic potasrium hydroxide at
room temperature gave a 56.5% yield of ICH=CH(CF,)gCH=CHI, snd attempts to
dehydroiodinate this olefin wcre unsuccesstul. The most satisfactory reagents
to effect elimination to the silyl acetylene were votassiun t-butoxide in
methylene chloride at -20°C aﬁd DBU in ‘tetrahydroturan at -25°C. An excess
of the reagents gave the free acetylene under the suine cornditions, or notas-
siun fluoride could be usad fur the desilylation. The former reagént (Ve a
32.5% yield of HC=C(LlFn)gC2Qk rrom the iodo silyl olefin, cne the latter, 45
to 72%. The analogous dodecadiyn:, tetradecadiyne and hexacccndiyne were pre-
pared from the mixture of the iodo silyl olefins described atove, and pente-

decafluorononyne was prepared slimilarly.

KO-t-Bu/CHAC1,
or
DBU/THF

(bb3Si)IC-(B(CF2)nC31=CI(Sibh3)

———> HC=C(CF,,),C=CH n =6, 8, 10, 12
CFP3(CF,)gM=CI(SiMe3) ——— CF3(CFp)gCaCH

Another terminai scetyline that undcrwent free radical addition of an

lodofluorocarbon wes vhenylace: i lene. An adduet with perfluoroheptyl iodide

was obtained in 89% yield, an’ ite reaction with potassium t-butoxide in

zethylene chloride gave a T8¢ vield of the acctylen:. Several adducts of

it e Ak s E -

12
fluorocarbon iodides with aliphatic acetylenes have been reported recently.

l',
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- t-Bu-0-0-t-Bu KO-t-Bu
/ CgBgCaCH + 1(05'2)6m3 ——lgga—c-» CGHSIC=<11(CF2)(,J3 ——> G C=C(C"z‘2)6¢"3

Bis(trimethylsilyl)acetylene Additions. 1In the formation of acetylenss

from the adducts of Iluorinated jodides with trimetbiylsilylacetylene, tic

ability of iodine to Junction ns a leaving group is evidently enhanced by the

e

adjacent silyl group. Accordingly, adducts of bis(trimethylsilyl)aeetylene

would be expected to provide acetylenes readily.

AR, by

G e
- A e

Jodofluorocarbons were found to react with bis(trimcthylsilyl)acetylene

at 120°C, in the presence of di-t-butyl peroxide, to pive high yields of pro-

s

L

Pt
PSP\ R

ducts that were shown to be 1l:1 adcucts by eclemental. analysis. Adducts were
obtained from l,6-diicdoperfluorohexane, perfluoroniopyl icdide and »erfluorc-

heptyl iodide in 75 69% yield. The NMR spectra, how.ver showed an olefinic

hydrogen, and two silyl hydr. .ns shifted t0<F:.05-f.G6. ¥videnzly, free ra-

dical hydrogen transicr took :iluce, as shown in Sehcme 3.

Geperally in frce radical catalyzed iodide udditions, o racical derived

RPN

from the catalyst abstiracts an iodine atom from the alkyl iolide and the re-

sulting free radical adds to the unsaturated substrate. The new radical thus

formed would normally abstract an iodine atom from the starting imterial to

propegate the chain aechanism. 1In this case, however, the trimethylsilyl

hydrogens are favorably situited for intramolecular hydrogcn abstruction to

give a silylmethylene radical. Abstraction of iodine from the startin: uate-

rial gives the observed product and regenerates a fluorocarton radical. Intra-

molecular hydrogen abstractions of this type are well known in other

systems. 13
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Scheme 3 ]

Rkl + Re > RF g + RI
Bp® + MegSiCaCSiMey > Me381-<|3-<5ﬂ‘f3 :
Ry | .

% %

Me, 51 H — Me,S1 K :
[ J I |
N\ c=¢c N\ C=¢C S
I /0
RF SiMO3 RF SiMe3
m2. (}Inl
/ s
Me 84 H + Bpl  e— !~‘u:281 H + R, °
- , !
/ N /
C=C C==C
/ \ / \ '
Re SiMey Ry SiMeg |
|
Re= ~(GFy)g-y CF3(Fp),-, CF3(Q,)g- |




It was reasonci that thisz intramolecular hydrosen tronsfer mi -t be
averted if a better scurce of iodine radicals werce available 10 trep the
initially formed vinyl radicals. The desired reaction took wlace in tine pre-
sence of a catalytic amount o clemental iodine at GOOOC. Under these condi-
tions, 1,8-diiodoper:iuorooctinz gave an 8P yield of 1,12-pis(trimethyisilyl)-

oY

perfluoro-1,1l-dodccacdiyne. Tius, the initial adduct spontarcoucly olisina-

ted trimethylsilyl ioiide to ive the silylated ac-tylenc

I(CF2)81 + Me3$10 SiMey ——> {:M 381)1C+ c(. 3iMeg) (Crp Ja(Uive ‘, C (.‘311::-:3)]

—_—D Isil‘h3 + x';t.’jul L:C(CI‘:\,SC-:(biWB

Monofunctional perflucroalkyl iodides rescted uvimilurly; l-trimcthylsilyiper
fluorononyne was isolated in (5% yield from jerfluorotoptyl soiide, whereas
l-trizmethylsilylperiluorooctyns, l-trimetiaylsilylperfluoraloeeyne and L-tri-
rethylsilylperfluoroiodeceyne were obtained from o comscreisl mixtuve oo ser-
fluoroalkyl iodides.

1,12-Bis(trimcthyisilyl)ycrrluoro~l,ll—dodmcndiync viio desilylated with
potassium fluoride ditydrate o ive a (9 yicld o the frec diacectyicen:. lPo-

tassium carbonate in -iethanol, the desilylation r-a it of cloice vor aryl-
10

silylacetylenes, could not be used because of the suscoptibiiity of tle fluorina-~

Loy

ted acetylenes to nuclcophilic additions. Thus, 1 (trivethyleilyl)uveriluoro-
nonyne and methanol-votassium carbonate at room tomperatur: ;nve a 73% yield
of 1,1-dimetnoxy-3,3,4,4,5,5,¢ 6,7,7,8,8,9,9,9-ventadecalluorononane and an
11% yield of the l-methoxynoncne.  The reacticn of triflueronroyyne vita so-

dium alkoxides to ;iv: 3,3,3 tritluoro-l-atkoxypro-ones Las beer, rupsrtud.lh



KF-2211_0
Ey HC&C(CFp)gcfd!
Mo ’

Me3810§0( cs‘e) 8C5081Mu 3

K2003 :
Ry CaCS1Me > R_CH_Ci{OMe). + R_(ii=CEOMe
3 MeOE F e 2 F

Reactions of lower diiolides with bis(trimgthylsilyl)acctylene wire con-
plicated by the formtiion of n~y:lic products by the involvemenh of toth jocinz

functions with the sanm: acety’ene uolecule. The 1,k-dilodoperiiucrcbutane

gnve‘an 81% yield of a product with elemental analyslc consistent witu l-lodo-

2-(trimethylsilyl)periluorocyclohexene, or its isomer, jodo(trimethylsilyl)-

methylenecyclopentane.

Sile I—C-i}il-k;a

3 |

I
tod
C=—=—20C

Vd /s N\
I(CFy) T + Me S1CaC3iMey - —> CFp CF. i

197 PR
<. < «~
N / ! |
CF,, —CF . or
t2 2

PN
[

The corresponcin; cyeclic ndduct, as ycll as 1,10-bis(trimethylsilyliner-
fluoro-1,9-decadiyn:, was obtained from 1,C-diiodoperiluorobexenc. The ratio of
these products wus & function ol the amount of bis(trimethylsilyl)acc:tylene used,
The ratilo of acetylenic product to cyelic olefin varied from 0.3 for cqnuinclar
amounts of the startin- mater!:ls to 7.5 for a fouriold exeess of vis(trr»imethyl-
silyl)acetylene. As is the suce for the above exanvle, the speetrul ~vidence does
not clearly differentiate tetwoen the exocyrclice and endocyclic olefin ctructures
for the cyeclic adduct.

Thus, perfluoroalkyl acctylenes as well as ax,u™perfluorcalkylenc dimcety-

lenes are available Irom lodo{iuorocarbon recactions with triacthtylsilylacctylene

and with bis{trinethylsilyl)ucetylene. Trimerization and polymerization stuiies

with these acetylencs will be reported elsewvhere.




Experimental Section

A Varian 920 chromatogravh with a 10 ft x 3/8 in. column of 103 (F-1 on
acid-washed Chromosorb W was used for both analytical and rreparative pas chro-
matography. MMR spectra were obtalned with a Varian T-60 spectrometer, and IR
spectra, with a Perkin-Elmer 700 spectrometer.

3,3,4,4,5,5,6,6-Cetafluoro-1,0-usfodcoctane. Ethylene (0.050 mol) was

condensed at -130°C (n-pentarn: iiquid nitrogen bath) into & 75 ul Monel cylin-
der containing 11l.4 ¢ (0.025 :0l) of 1,4-diiocdopers:iucrctutune and C.2 il of
dibutyl peroxide. The cylinder was sealed and heated for 22 L at 130°C.
The product was extracted with two 50 ml portions of rethylene chloride and
the solution was wachuod with txu.25 mL portions of C.1 N scdiuwm thicsulfate
and dried over m mesium sulfate. Removal of the solvent ruve 10k
(82%) of white solid. An analytical sample was recrystallized from methancl:
mp 89-91°C; 'H MR (IDIl3): 2.0 (m, U H, Gy), 306 (m, b1, HI); Yy ow
(c9313) $ 118.0 (¢, & ¥, J= 11.3 ¥z, CFy), 126.0 ppm (t, b ¥, J=11.3 Bv, CF,).
Anal. Caled for CgHgFpl.: C, 18.84; H, 1.98; rFound: 7, 18.70; H, 1.€5.
3,3,4,4,5,5,6,6.7,7,8,8-v0decarluoro-1,10-dilododecanc. The above pro-

cedure using 1,6 diiodoperfluorchexane gave a 76% yield of whitc solid, mp 69-T71°C:

. 19
'H MR (c0013).-‘2.60 (m, & H, Gp), 3.16 (m, b H, CUI); F MR (cocry) ©

116.4 (n, b F, CF;), 124.8 (m, 4 F, CF,), 123.2 ppm (m, b F, CFp).
3:3,4,4,5,5,6,6-0ctsr1uoro-1, 7-octadiene. A solution of 20 g (0.03% mol)
of 3,3,&,&,5,5,6,6-octafluorovl,S-diiodoéctane and 4.5 g of potassium hydroxide
in 15 mL of ethylene ;lycol wns heated with stirrinc at 1B0CC. The product,
7.25 g (73%) of colorless oil, bp 82-87°, distilled from thc reaction mixture
as it vas formed. An apalyticel sample was isolated by Go: 'F NMR (CDCL,)
1 5.6-5.9 (m, 6 K, M,=CH); e nm (eoc1g) © 215.7 (i, b ¥, Chp)y 1.8 pa
(t, & F, J=11.3 Hz, oF,).

10
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Amal. Qaled for CHl Fg: ¢, 37.81; H, 2.38; found: C, 37.55; H, 2.10.

3,3,4,4,5,5,6,6,7,7,8,8-I0decafluoro-1,9-decadiene. The above procedure

using 1,10-diicdo-3,3,4,4,5,5,(,6,7,7,8,8-dodecafluorodecanc pave an 8% yield

ot 3,3,4,4,5,5,6,6,7,7,8,8-docccarluoro-1,9 -decadiene, bp 135-137°0:  'v MR
(DC13) 8 5.5-5.8 (m, o H, H,-1%H); Y wr (cpely) © 116.8 (a, 4 P, Ciy),
126.% (m, 4 F, CFp), i24.1 ppa (m, b F, CFp).

Anal, Caled tor CioligF:-: ¢, 33.92; H, 1.71; Found: <, 33.66; 1, 1.E0.

3,3,4,%,5,5,6,6-0ctafluoro-1,2,7,8-tetrabromooctane. A solution of 6.0 g

(0.023 mol) of 3,3,4,4,5,5,6,6-0ctarluoro-1,7-octadiene and 2.5€ mo (G.046 mol)
of bromine in 10 mL of chlorofora wus irredlated with a Par lamp for 1 h.
Methylene chloride (0 mL) was added and the solution 'ms wauned with two 10 mL
portions of 1 N scdium thiosu!rate and dried over maoncesiwn ~ulfate. Removel
of solvent under vacuua gave 10.09% g (74%) of a white :o:id. ficerystallization
from methapol afforded an anaiytical sample, mp 372-34°C: 'H NMR (CDCLB):S 3.72
(m, & H, Q{2}3r), Lok (m, < H, JiBr); 19F MR (CD(,‘Jj) O 1.7 (a, ¥ cey)
121.6 ppa (m, b F, Or).

Apal. C(Caled for CﬂHGFGILrA: C, 16.7y; H, 1.09; Br, 55.71; Found: C
16.7€; B, 0.99: Br, 5%.40.

3.3,4,4,5,5,6.6,7,7,8,8-1"decafluoro 1,2,9,10 tetrabromodecane.  Promi-

nation of 3,3,4,4,5,5,6,6,7,7,8,8-dodecafluoro-1,9 dr-cadicne by the above meth- |
od gave 8 91% yield of the solid product,mp 43-45°C: 'H MR (¢DC13) $3.59 (m,
4 1, CﬂaBr); 4.20 (m, = H, CHBr); lDF MR (\’:DCl3) ‘? .8 (m, b1, (7,
121.7 (=, & F, Cfp), W2.4 ppn {m, 4 F, CFyp).

Anal. Caled for CjgHgFy Br),: C, 17.83; H, 0.90; Found: C, 18.01; H,
0.98.

2,7:Pibromo 3,3.5,4,5,5,¢.6 octafluoro 1,7.octadien:. A solution of

1.5 ¢ of potassium hydroxide rnd 7.0 g (0.012 mol) of 3,3,4,%,%,5,6,6-0cta-

1l
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fluoro-1,2,7,8-tetrabromooctan: in 15 mL of methanol was heated with stirring
for 1 h at 60°C. The product wus diluted with 50 ml of metlylene chloride,
washed with 2-50 mL portions of' iater, dried over sodium sulfate and stripped

of solvent under vacuun to giv: 3.8 g (75%) of a colorless oil.An analytical

. H
sample was isolated by GC: 'H MR (00013)66.16 (w, N, JP y= 3-0 Iz, C . )
H ' “H
6.42 (4, 2K, J_ =3.0H:, C _); 191-‘ NMR (CDCl,) © 110.3 (t, & ¥, I, _= 11.3
B,H ~H 3 F,F

Hz, CFp), 122.0 ppm (t, 4 F, J,. o= 11.3 Hz, CF,).

Apal. Caled for CgH,Fghr.: C, 23.33; U, 0.98; Founi: C, 23.6:; K, C.91.

1,2,7,8-Tetrabromo—3,3,th,5.S,6,6-octaflgg£g-l,?-octqgiggi. A solution

of 2.4 g (0.0058 mol) of 2,7-dibromo-3,3,4,4,5,5,6,6-0octafluoro-1,7-octadiene
and 1.86 g (0.0106 mol) of dbromine in 15 mL of chloroform was irradiated with
a Par lamp for 1 h. The mixture was diluted with 20 ol of metbylene chloride,
washed with 2-10 mL portions of 1 N sodium thiosulfate, dried over magnesium
sulfate and stripped of solvent under vacuum to give 2.9 g of white solid.

This solid was stirrcd for 1 h with a solution oi 0.5 g of potussium hydroxide

in 15 mL of methanol. The umixture was added to 25 miL of water and the product
. extracted with 35 mlL of mcthylene chloride. The wmethylene chloride solu-
tion was washed with 50 mL of vater, and dried. ‘Solvent was rcmoved to give l.é Fes
of an oil. GC shoved u complex aixture from which Lo mjor cormonent was trapped und
identified as 1,2,7,8-tetrabrowo-3,3,4,%,5,5,6,6-0octaflucro-1,7-cotadicne:
'H NIMR (c0013)c!7.h5 ppm (br s, (M); 195‘ NMR (cumg) 0 108.0 (t, & ¥,
GFE), 121.2 ppm (t, 4 F, CFa).

Apal. Oalcd for CgHoFghr,: C, 16.87; H, 0.35. Found: C, 17.09; H, 0.50.

|
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3,3,%,%,5,5,6,6,7,7,8,8- ".decafluoro-1, 10-diiodo- 1,10 bis{trimetnyl-

silyl)-1,9-decadiene. A mixture of 3.3 g (6.0 mmol) ot 1,6-aifcdop=rflucro-

hexape, 1.5 g of trincthylsilylacetylene and 0.5 mL of di-t-hutrl rercxide
was heated in & senlcd lass tube under nitrogen for &5 hrs wt L:‘.‘oo. Tt pro-
duct was dissclved in 0 ml of ucthylene chlovide,dricd cver mmgneciuwn culfate
and stripped of eolvent under vacuum to give 4.2 (92%) of tue title comnound
as a mixture of E/E, 4/2 and L/4 isomers, analytically pure without tfurther
treatment: proton MR cnc13«57..f23 (t, dy= 15 He, =C-, E fcomers), £6.60

(t, Jyp= 13 Hz, =CH-, & isomers) 0.35 (t, CH3Si, E isomers) and .25 prm (s,
CH381, Z isomers); 19F na (GDGl3) 0 108.4 (m, =CH-CF,-, E tsomers),
111.6 (m, =CH-CF, , 2 isomers). 123.2 (m, CF, internal) and iib.b pom (.,
«CH-CFpCFn).

Ansl, Caled for CyglagFy~InSin: C, 25.61; 1, 2.69; ¥, 30.39; I, 33.83.

Found: C, 25.52; H, £.60; F, 20.15; I, 33.67.

3,3,4,%,5,5,6,6,7,7,8,8 - Dodccarluoro-a, 8-difodo - 1-trigeti yisilyloctene.

when & hecating period of only L7 Loat 120°C was uscd with tihe above

c-cebants,

8 7°% yield of the monocadduct vn: obtained as a.70:30 mixture ot B urd * iso-
mers. The isomers wore separtiod by GC:o N o dsomev 'HONith (l.."/J:B)c‘ 7.5 (1, 11X,
JH,F’ 1k Hz, CH), O.% ppm ( t. @Y, CH3): Y wan (4:;~u1,3) 0 €5.2 (¢, .5,
wal), 108.4 (q, ¢ ¥, JF

Ay 2.2 (o @ B, CFa). 1708 (i, o, €F.), 1244 ppa

(m, 2 F, CF.).
Anal. Caled tor €y H 47y 1.84: C, 20.26; B, 1.55; F, 34.96; I, 20,92
Found: C, 20.25; H, 1.57; F, s4.76; 1, 38.66.

Z-isomer 'H MR (a)c13‘,a‘6.7o (t, 1 H, J; o= 13 Bz, CH), C.25 spn (s, 9B,
’

13
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ms); F R (01, b 65.6 (t, 2 F, CF,1), 111.6 (q, 2 F, @,), 115.2 (a,
2 F, (22), 122.8 (m, 4 F, (!‘2), 124 .4 ppa (m, 2 P, CI-‘a).

Amel. Onled for C . F .1 81: C, 20.26; H, 1.55; F, 3+.9%; I, 38.92.
Found: C, 20.21; H, 1.52; F, 34.69; I, 38.85.

3,3,8,4,5,5,6,6,7,7,8,8,9,9,10, 10-Hexadecafluoro-1,12-di10do-1,12-bis-
(trimethylsilyl)-1,11-dodecadicne, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11, 12-

12-eicosafluoro-1,1k-dijodo-1,14-bis(trimethylsilyl)-1,13-tctradecadiene, and

3.3 L,4,5,5,6,6,1,1,8,8,9,9,10,10,11,11,12,12,13,13, 14, 14-tc traeicosat luoro-

1,16-d1i0do-1,16-bis(trimethylsilyl)-1,15-hexadecadiene. Treatment of 16.35 g

(0.025 moles) of a mixture of 1,8-diiodoperfluorooctarc, 1,10-diiodoperiluoro-
decane and l,l2-dijodoperfluorodedecane with 5 ¢ of trimethylsilylocetylenc

and 2.5 mL of di-t-butyl peroxide by the above procedure yiclded, after 48 hrs of
heating, 16.1 g (95%) of a mixture of the title compounds, &S an equal mixture of
E apd Z isomers: ~'H MR (CDC].3)57.25 (t, 2 H, JHF = 15 Hz, =CH, E isomer),
6.70 (t, 2 H, JﬂF « 13 Hz, =Cl, % isomer) 0.33 (t, 131, 31013, E icomer) and
0.27 ppu (s, 18 H, 51(113, Z isomer); . . 19 MR (CDCJ.3) (lploe.h (m, & F,
Gi-CF,, E isomer) 111.6 (m, 4 F, CHCF,, 2 isomer), 123.2 (m, ¥, internal) and
124.2 ppm (m, -G!-CF‘,_,-(?{a).

b, L 6,6,{,1,8,8,9,9,9-Pentadecafluoro- - iodo-1{trimcthylsilyl)-

nonene. A mixture of 3.0 g (6.0 mmol) of perfluorobeptyl iodide, 0.60 g (6.0
mmol) of trimethylsilylacetylcne and 0.5 mL of di-t-butyl peroxide was senled
in a glass tube under nitrogen and heated at 120°¢C for 48 hrs. The product wus

dissolved in methylene cinloride, and dried over mapnusiwa suliate. Kenoval of

solvent under vacuum gave 3.3L1 g (92%) of a colorless oil, uhich prcved to be en

equal mixture of £ and < isomers of the title compound. ihe isomers. were serarated by

L)
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i
1
1
i
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E isomer proton i (cm:13):c‘» 7210 (8, 1 H, Juo= 15 Lz, <Cl) 0.33 pum

Jr nm (wag) §85.e (v, 3F, o), 084 (¢, 2 F,

(¢, 94, 81083);
=CH-CF>), 124 (m, 8 F, CF,) eni 127.6 ppm (m, T F, =CHCF,CP-); 2 isomer proton
MR (CDC13)86.58 (¢, Jy.= 12 iz, L H, =Ql), 0.25 pon (s, 9 I, 8145);
191-‘ NMR (cnm3) {)85.2 (t, 3 F, c»‘3), 11i.8 (y, : F, =QiCFp), 14 (m, 8 F,

CFp) and 127.6 ppm (m,

r

F, =CilF,CF,).
Apal. Calcd for CypH4F5I8i: G, 24.14; H, 2.19; F, b7.72; 1, £1.25.
Found: C, 23.93; K, 1.99; F, 47.60; I, 21.57.

Reaction of 1,4-Difodoverfluorobutane with Trimethylsilylacetylene. A

mixture of 1.4 g (3.0 mmol) of 1,k-diiodoperfluorobutane, U.90 ¢ (9.2 mmol) of
trimethylsilylacetylcne and 0.0 g (th»mmol) of di-t-butyl peroxide was heated
in a sealed tube for € days at 120°C. GC analysis (150-185°C) showzd 7 compo-
nents, 12%, 23%, 0%, 13%, 6p, 2% and 3% of the sample, rcspectively. The
first component consisted of 1,k%-ditodoperfluorcbutanc and trimcthylsilylace-

tylene. The second, {ifth and last componernts werc not identificd. The third

component identifici o (2)-1,¢-dficdo-1l-triucthylsilyl-3, 3,4,4,9,5,6,0-0ctarlusro-

hexene: 'H NR (D13}, $7.12 (¢, Jype 15 Yz, 1H, HC-C), 0.35 ppm (¢, J = 1.5 Mz
9 H, (H3); 9% nw (CDC13) ¢ 4.8 (t, 2 F, -CFpI), WE.2 (y, « F,
-CF,-C(H)=C), 114.8 (n, & F, Crp), 1°3.4 ppa (t, o I, CF,).

Anal. Oalcd for CgHyoFplnSi: C, 19.58; M, 1.83; F, £7.53; I, 45.98.
Found: C, 19.70; H, 1.76; F, .27.39; 1, 45.70.

The fourth fraction consisted of a 1:1.5 (E),/(+) isomer mixturc o2 the above

compound. Asesignments for the 4 isomer are as follows: 'H MR (CDC13)
9

4 6.60 (t, Jy,pe 12 Hz, 1 K, c=), 0.22 ppm (s, 9 i, -CH3); . F MR (coa3)

-y fen o
k. . - R




qsu.a (t, 2 F, -CF,1), 112.0 (q, 2 F, -CF,-C(K)=C), 114.8 (m, 2 F,
%), 123.4 (t, 2 F, CFp). The sixth component was an (E/E)/(2/2)/(E/z) mix-
ture of 3,3,4,4,5,5,0,6-octafluoro-1,8-d410da-1,8 -bis(trimethylsilyl)-1,7-
octadiene: 19F MR (CDCl3) ' ¢ 116.9 (m, 2 F, -CF,-C(H)=C, E-isomer),

117.9 (m, 2 F, -CF,-C(li)=C, Z-isomer), 120.0 (m, 2 F, CFy), 132.1 (m, 2 F, CFp),

13%.0 ppm (m, 2 F, cvz); IR (£ilm) 3005 (Si ax3), 2950 (si ca3), 1585 cm'l (c=

o).

Ansl. Caled for CjBpoFglsSip: C, 25.86; K, 3.10; F, 23.37. Found:
C, 26.17; R, 3.01; F, 23.81.

Reaction of Tetrafluoro-l,2-dijodoethone with Trimethylsilylacetylene.

A mixture of 0.106 g (0.30 mmol) of tetrafluoro-1,--diiodoethane, 0.088 g

(0.90 mmol) of trimethyleilylacctylene and 0.007 g (0.05 mmol) of di-t-butyl
peroxide was heated in a sealcd tube for 36 h at 120°C and 25 h at 150°C. GC
(130°C) showed that the major product was (£) and (<)-3,3,4,%-tetrafluoro-1,%-
d1iodo-1-trimethylsilylbutenc: (L) isomer 'H NMR (CDC3 ) §7.31 (t of

t, J = 14,5 and 1 Hz, 1 H, CPC(H)=C), 0.3C ppm (t, J = 1 Hz, 9 H, smz3);

Yr » (c14) b 66.2 (t, Jpp= 8 Hz, 2 F, ICF,-), 102.8 ppm (m,

2 F, ICFpCP-); (Z) isomer 'l MR (cpey ) $6.79 (t of t, J = 12 ond 1 Hz,
¢ wR (coc13) 0 €6.8
(t, Jpp= 10 Bz, 2 F, ICF,-), 107.0 ppm (m, 2 F, ICF,CF,-).

1l
1 H, CF,C(E)=C, 0.31 ppm (s, 9 K, -SiC}l_3);

Apal. Caled for C.H,,F,I.51: G, 18.60; H, 2.23. Found: C, 18.65;
H, 2.05.

3,3,4,4,5,5,6,6,7,7,8,8-Dodecafluoro-1,10-dijodo-1,9-decadiene. A solu-

tion of 0.5 g of potassium hydroxide and 1.0 g (1.3 mmol) of 3,3,4,4,5,5,6,6,

16




1,7,8,8-dodecafluoro-1,10-diiodo-1,10-bis(trimethylsilyl)-1,9-decadiene in
20 mlL of methenol wus allowed to stand for 18 h. The solution was diluted
with 100 mlL of water and the jroduct was extracted with 2-50 aL portions of
methylene chloride, vashed with: water, dried over mugnesium sulfate and
stripped of solvent to sive 0.46 g (56.5%) of a pale yellow cil that solidi-
ficd on standing. An analyticzl seample was obtained by GC: mo uz.hh°c;
'H MR (cD013)J 7.22 (2 B, 5, = 16 Hz, Jyp= 1 Mz, QII), 6.60 pym (2 1, g =
16 Bz, Jg =12 Hz, Ci); Y mr (cc1y) ¢ 113.6 (m, 4 F, C7,), 122.8 (m, b F,
CFp), 124.b ppm (m, b r, CFp).

Apal. Caled ror CygHyFydn: C, 19.82; 1, 0.66; F, 37.G2; 1, 41.89.

Found: C, 19.93; H, 0.72; F, 3{.40; I, 41.78.

3,3,4,4,5,5,6,6,7,7,8,8- holecalluoro-1, 9-ducudiyns, A mixture of 15 g

of potassium t-butoxide and & mi, of methylene chiloride was stirred under
nitrogen at -20°C and i2.8 g ((.017 mole) of 1,10-difodo-1,10-bis(trimethyl-
silyl)-3,3,%,4,5,5,6,0,7,7,8,8-dodceaflucro-1,9-decndiene was added dropwise.
The slurry was stirred for 1 Lr at -20% and for 4 hrs at 0%, and then 100 ml
of 3 N hydroclkloric acid was ndded. The mixture was stirred for 1 L, and the
organic 1aycf was washed with water, dried and distilled to rive 1.97 ¢ (32.5%)

of the title compound, bp 55-59° (15-20 mm): "H IR (c3013)52.93 vpm (t,

19, :
2 H, Jyp= 4.5 Hz, CH); F MR (CDCL,) ¢ 102 (m, 4 F,ex-CF,), 123.0 (n,

L F, 6-0?2) and 124.4% »pm (m, b F,p~4ﬁé); IR 3350 (CH), 2200 (C=C) und 1165
ent (CF,,).
[ 4
Anal. Gsled for C)giaFyn: 3, 34.31; K, 0.57. Found: C, 34.08; H, 0.56.

Alternatively, 1,8-diarnvicyclo[5.k.0Jundce-T-cne (DBU) was uscd for the
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elimination. To a solution of 20.0 g (0.0256 mol), of 3,3,%,4,5,5,6,6,7,7,8,
8-dodecafluoro-1,10-diiodo-1,10-bis(trimethylsilyl)-1,9-decadiene in 160 mL
of freshly distilled tetrahydrofuran at -25°C under nitrogen was added, over
a 10 min period, 8.8 mL (0.08 mol) of DBU. The mixture was stirred for 1.5 i
at -25°C and was filtered. The precipitate was washed with pentane and the
combined solutions were washed with saturated sodium chloride solution and
filtered through a short column of basic alumina. Distillation gave the di-
acetylene in 45 to 72% yield.

3,3,4,4,5,5,6,6,7,7,8,8,9,9,10, 10-Eexadecaf Luoro-1, 11-dodecadiyne, 3,3,
b,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12-Eicosafluoro-1, 13-tetradecadiyne, o .

and 3) 3)"'&) 5) 5) 6L§L7L7) 8, 8) 9) _9. 10110411L11) leJ 12_, 1;, 13, 114, ll&-'l‘etrafsicosu-

fluoro-1,15-hexadecadiyne. A slurry of 3 g (26 mmol) of potassium t-butoxide

in 4O mL of methylene chloride wus stirred under nitrogen at -20°C while 8.2 z
of a solution of (ai3)3suc=-.1;(cva)sai=c151(cu3)3, (313)3511C= (07, ) 1 U=CI31-
(CH3)3, 8nd (CH3)581TC=CH(CFp)),H=C1S:(Q3)3 1n £0 mL of methylene chloride
was added dropwise. The reaction mixture was stirred for 1 h at -20°C and for
3 b at 0°C. Potassium fluoride (1.5 g) and 25 mL of t-butanol were then added
and the mixture was stirred for 3 h at ambient temperature. Methylene chlo-
ride (100 mL) was added and the solution was washed with five 100 mL portions '
of water, dried over magnesium sulfate and stripped of solvent. The residue, |
analyzed by GC, vas shown to contain 1.3 g of HC3C(CF,)gC=CH, 0.73 g of HCaC- {
(CFp)10C2CH and 0.22 g of HC=C(CFp),,C=CH (total yicld 50%). Anmalytical sam- i
ples vere isolated by GC. 4

Hexadecafluoro-1,11-dodccadiyne, HC:C(CF,)gC=Cli was a colorless liquid:

1
proton NVR (CDC13)52.9'& ppm (t, Jyp= 4.5 Hz, a1); 9F NMR (CDCl3) ¢ 102

18




e i ik s

(m, 4 F, 0(-05‘2), 122.8 (m, 8 F, internal fluorines) and 124 ppm (=, b F, f-CFp); i
IR 3355 (CH), 2195 (C=C) and 1190 cu * (F,).

Amal. Oaled for C;pHAFy6: C, 32.02; H, 0.45. Found: C, 32.44; H, 0.55.
1 Eicosafluoro-1,13-tetradecadiyne, HCzC(CFa),oC=(H, was & colorless oil:
'H NMR (com3)62.9h ppa (t, Jup= 4.5 Hz, CH); 19F NMR (09013) 4) 102
(m, 4 F, ®-CF5), 122.8 (m, 12 ¥, internal F) and 124.2 ppm (m, 4 F, p-CFp);

IR 3355 (CH), 2200 (C=C) and 1195 em * (CFp). |

» Amal. Caled for CpH,F..: C, 30.57; H, C.37; F, €5.07. Found: C, 30.27T;
|, H, 0.38; F, 68.84.

Tetraeicosafluoroe-1,15-huxadecadiyne, HCEC(CF,)y0C=CH, wes a white solid

f mp 54-56°: B nm (00013) J2.9% (t, Jup= 4.5 Hz, Q); “Op IR (cnc13)

‘ Q 102 (m, 4 F, «-CF,), 122.8 (i, 16 F, internal F) and 12h.. ppm (m, b ¥, f-CFy);

IR 3355 (CH), 2200 (C-C) and 3190 e (CF,,)

‘ Anal. Caled for CygHoF.: 2, 29.5C; I, 0.31; ¥, 70.i3. Founé: ¢, 29.30;
R, 0.31; F, T0.23.

3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Pentadecafluorononyne. To 10.0 g (0.0168 mol)

of 3,3,b,4,5,5,6,6,7,7,8,8,9,9,9-pentadecar luoro-1-10do-1- (trimethyleilyl) nonene
in 60 mL of tetrahydroiuran at -2500 was added, over o period of 10 wmin, 5.6 mL ‘

(0.0505 mol) of DBU. The mixturc was stirred at -25°C for @ h und was then

filtered. The precipitate was washed with cold pentane. The combined organic

solutions were washed with brine, filtered throush basic alumina and distilled ,
to give 3.25 g (3%) of 80% pure (by GC) 393:1‘)"’:5)5:6,6:7:7:818;9)9)9‘Penta‘
decafluorononyne contaminated with silape biproducts (bp 120-155°c). An analy- L

tical sample was isolated by GC (76°C): 'H MR (DC13)52.93 (t, J = 6 Hz, =cH);

19 R (CDCl3) @ 85.1 (¢, J ~ 10lz, 3 F, 03) 1024 (m, 2 K -C-Cy), 113.4




(II, 2 P, wa), 12“02 (m, 6 F, CFE), 12800 ppm (m, 2 F, wa)o

Apal. (aled for CgliFys: G, 27.43; H, 0.26. Found: C, 27.51; K, 0.28.

(E)-3,3,4,%,5,5,6,6,7,7,8,8,9,9,9-Pentadecafluoro-1-iodo-1-phenylnonene.

A mixture of 3.0 g (6.0 mmol) of perfluoroheptyl iodide, 0.60 ¢ (6.0 mmol) of

phenylacetylene and 0.5 wmL of di-t-butyl peroxide wag scaled in & glass tube

under vacuum and was ncated for 48 h at 120°C. The product was dissclved in

rethylene chloride, dried over magnesium sulfete and stripped of solvent to

PR, he A3

give 3.24 g (89%) of essentially pure (E)-3,3,!¢,!¢,5,5,6,6,7,7,8,8,9, ¥, 9-penta-

decafluoro-l-iodo-l-phenylnoncne. An analytical sample was isolated by GC:

mp 49-51°C; 'H MW (cx)013)é7.;:o (s, 5 H, Cghs), 6.51 ppm (t, Jy,p= 12 Hz, 1 1,

[

. et o
PP AL Y

c); *%F mm (C13) § 85.6 (t, 3F, F3) 108.0 (g, 2 F, CFy), 123.6 (m, 2 F,

CFp), 2b.4 (m, 6 F, CFp), 128.0 ppm (m, 2 F, CFp).

Anal. Caled for CislgFisI: €, 30.12; H, 1.01; F, 47.65; I, 21.27.

Found: ¢, 30.18, R, 1.22; F, 47.30; I, 21.10.

1-Phenylperfluorononync. A solution of 3.0 g (5.0% mmol) of 3,3,%,4,5,5,

6,6,7,1,8,8,9,9,9-pentadecafluoro-1-10do-1-phenylnoncae in 20 ml of dry methy-

lene chloride was added dropwicse to a stirred suspension of 1.1 g of potassium

S Al r . e e

t-butoxide in 40 ml of dry methylene chloride at -20°C. The aixture was stirred

for 1 h at -20°C and for 2 h &t 0°C. Tne mixture was stirred for 1 L with 20 ml

The orgenic layer was wisiied with water and dried

of 3 N hydrochloric acid.

over magnesium sulfate. Solveat was removed to give LL.3G o (7%5) of ecsen-

tially pure l-phenylp:rfluorcnonyne. An analytical sanmple was obtained by GC:

19
'H MR (c9013). §7.33 ppaa (m, 9 i, Ccg)s F R (CL‘C.‘B) ¢ 8.8 (¢, 3%, CFy)

100 (¢, 2 F, @2), 122.8 (m, ¢ I, wg), 1280 (m, G ¥, CF,), 127.C ppn (m, 2 F,

4 1 wa)a
Anal. Caled for C;jﬂspiyf C, 38.32; M, 1,07; F, 60.61. TFound: 2, 37.85;

<0
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H, 1.14; F, 59.37. |

(E,E)-3,3,4,4,5,5,6,6,7,7,3,8-Dodecatlvoro-2, 9-tis({iodometnyldimethyl-

8ilyl)-1,10-bis(trimethylsilyl)-1,9-decadiene. A mixture of 3.7 g (C.C066 mol)

of 1,6-diiodoperfluorchexape, 2.3 g (0.0133 wol) of vis(trimethylsilyl)acety-
lene and 0.5 mlL of di-t-butyl peroxide was sealed undor vacuua in & heavy-
wvalled glass tube and the tube neated at 120°C for 48 . The mixture was
dissolved in S5O ml of methylepe chloride, washed with 3-50 mi pertions of
water, dried over magnesium sulfate, and stripped of solvent with a rotary
evaporator to give 4.5 g (75%) of essentially pure product (NMR) as an off-
white solid, mp 62-68°C. Recrystallization from methanol Qig0H afforded an
analytical sample mp 68-70°C: 'H MR (CD013)56.83 (br s, 2 K, CH), 2.C8

(s, b B, GHpI), 0.35 (¢, 12 H, Qi3), 0.17 ppm (s, 18 H, Qi3); e WR (CDC1q

? 1044 (m, 4 F, m‘a), 120.4 {um, 4 F, CF,), 123.2 ppm (m, b F, F,).

Apal. (Calcd for CopHiyery-Ipsiy: C, 29.54; i, k.06; 1, 28.37. Found:
C, 29.38; H, 4.37; 1, 27.99.

(E)-3,3,4,4,5,5,5-eptarioro-2- (Jodomethyl)dimcthylsilyl-1-trimethylsilyl-

pentene. By the above proceiure, 0,300 g (0.001 mul) of periluoropropyl
iodide, 0.170 g (0.001 mol) of bis(trimethylsilyl)acetylenc and 0.25 ml of
di-t-butyl peroxide gave 0.40 g (84%) of the title compound. An analytical
sample vas isolated by GC: 'H MR (cnc13)J6.65 (or s, 1 H, Ci), 2.07 (s,
2 H, G1), 0.37 (s, 6 B, Qi3), 0.18 ppm (s, 9 B, Gig); “°F MR (0C13) §
&4.8 (t, 3 F, CF3), 105.2 (4, 2 F, CFp), 124.8 ppm (s, 2 F, CFp).

Amal. Caled for °11“18F71512‘ C, 28.33; H, 3.89; F, 28.52; I, 27.21,

Found: C, 28.12; H, 3.77; F, ©3.52; 1, 27.bS. b




13)-3,3,“,%,5,5{936,7,7,8,8,9{2L9-Pentadecafluoro-2-(iOdOmethyl)diNEthyl-

silyl-1l-trimethylsilylnonene. By the above procedure, 0.50 g (.00l mol) of
perfluoroheptyl ijodide, 0.170 g (0.00L mol) of bis(trimethylsilyl)acetylene and
0.25 mbL of di-t-butyl peroxide jave 0.56 g (85%) of the title compound. An
analytical sample was isolated by GC: ‘I MR (CDCl3)S86.71 (br s, 1K, Cd),
3); By (cpcls)
b 85.2 (¢, 3 F, aF3y), 104k (n, 2 F, &Fp), 120.4 (m, 2 F, Ciy), 123.6 (n, 6 F

2.05 (s, 2 H, CHoI), 0.33 (s, € K, (}i3), 0. 18 ppm (5, 9 H, i
’
CFp)y 127.6 ppm (m, 2 F, CF,); IR (film) 3010 (Giy), 1200 cat (cF,).

Amal. (Caled for CyoHygF)5ISip: C, 27.04; H, 2.72; F, 42.77; I, 19.G4.
Found: C, 27.14; H, 2.78; F, hio.sk; I, 18.91.

1, C-Bis(trimethylsi;xl)purfluoro-l,ll~dodccadiyne. A neavy-walled cily-

lated glass tube, loaded with h.2 g (0.025 mol) of bis(trimethylsilyl)uicetylene,
5.0 g (0.00765 mol) of 1,8-diiodoperfluorcoctanc and 0.024 ¢ {0.0001 mol) of
iodine, was evacuated at -7800, filled with nitrogen, and scaled. Tne tube was
neated at 200°C for 57 h. Bulb-to-bulb distillation at 90-110°C (L.UZ to 0.05 mm)
gave 3.91 g (86F) of 1,12-bis(trimethylsilyl)perfluorododeca-1,11-diyne as a
pink liquid (>97% pure by GC). An analytical sample was ottuined by prepara-
tive GC at 125°C: 'H MR (coeL, cueclz)é' 0.37 »m (s, -sicnj) ; l9b' IMR
(CDCl3,CFCl3) Q 100.8 (m, b ¥, -C¥, Cal), 123.2 (w, 8 F, Cria), 124.3 pon (i,

L F, CFy); IR (film) 30C0 (81t 3), <40 (SiMeg), 2230 (Cao), 1200 c:,*.-l(CFZ}.

Amal. QCalcd Tor CyplyptyeSi-: €, 306.37; H, :.0%; F, S1.i3. ¥rouad: C,

36.18; H, 3.00; F, 50.w.




3,3,4,%,5,5,6,6,7,7,8,8,9,9,10,10-Nexadecafluoro-1,11-dodecadiyne. A

mixture of 38 & g (0.0646 mol) of 1,12-bis(trimethylsilyl)perfluoro-i,1ll-do-
decadiyne, 60.7 g (0.646 mol) of potassium fluoride dihydrate and 150 wml of
methanol was stirred at room tcmperature for 20 h. Saturated sodium chloride
. solution and ether were added and the phases were separated. The aqueous
phase was extracted several times with etber and the combined ether solutions
vere wvashed with brine, dried over magnesium sulfate and distilled to ¢ive

23.0 g (79%) of the diacetylene as a pale pink liquid: bp 85-90°C (30 mm);

: , 1
'H MR (DCL) §2.9% pom (1, Iy = .5 Bz, CsCH); F IR (ceL,)
$ 202.0 (m, & F, CFpC2), 122.8 (m, 8 F, 3CF,CF,), 4.0 ppm (m, b F,

' -1
, .cgi'aaracracge); IR (film) 3355 (C-H), 2195 (C=C), 1190 cm (ao‘z).

P TORAT

Amal. Caled for CoHoFy(: C, 32.02; H, O.h5; F, 67.53. Found: C,
32.44; H, 0.55; F, €5.56. '

1-Trimethylsilylperfluorononyne. A mixture of 11.8 g (0.579 mmoi) of
bii(trimthylsilyl)a.cetylene, 30.0 g (0.060 mol) of perflugrotu .yl 1w:{ie
and 0.022 g (0.00009 mol) of iodine was heated for (1 h at 200°C ia a Monel
bomb. The product was dissolved in methylene chloride, washed with sodium
thiosulfate solution, dried and distilled to give 18.hk g (65%) of l-trimethyl-
silylnonyne, bp 39-40°C (0.27 0.37 mm): ‘H NMR (CDCly, GHClp)d0.15 ppm (s,

1
9§, s1q1_3); 9F NMR (cncx3) ¢ 865.6 (t, J = 10 Hz, 3 F, (F3), 101.2 (t,

J=8 Hz, 2 r,-cx-‘acs), 122.8 (w, 2 F, c.ﬁ'a), 124.0 (o, 6 F, C¥,), 127.6 ppm (m,
2 P, CFp); IR (film) 3000 (51053), 2940 (51013), 2230 (C=C), 1200 (CFa), 860
] cm'1 (sxax3).

! Apal. Calcd for 012H9F1551’ C, 30.91; H, 1.9%. Found: C, 30.98; :
: 1.68.
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' l-'l‘rimth&nylgrfluoroocgyne, 1-Trimethylsilylperfluorodecyne apd l-

Trimethylsilylperfluorododecync. A compercial mixture of perfluoroalkyl io-
dides (0'3@2(0172@2)2_5_1, Hoechst perfluoroalkyljodid 25) was subjected to
the above reaction. Thus, 26.7 g of the mixture was heated with 10.0 g of bis-
(trimethylsilyl)acetylene and 0.12 g of iodine for 66 i at 200°C. Kugelrohr
distillation (25-75°C, 0.1-0.02 mm) gave 21.7 g of a mixture of the trimethyl-
silylacetylenes. Samples of the three major components vere isolated by prepa-
rative GC at 80°C. 1-Trimethylsilylperfluorooctyne was a colorless liquid:
'H MR (CDC14) §0.4k ppa (s, -Gi3); Y nm (coc1,) ¢
86.1 (m, 3 F, - 3), 102.1 (t, J =11Hz, 2 ¥, -CF,C=), 1244 (um, 2 I, -cgamac;),
125.6 (m, 4 F, CF3CFpCFaCFa-), 129.0 ppm (m, 2 F, Cr3CFp-); IR (film) 3000 (C-B),
2230 (CaC), 1200 (CFy), 860 en (s1cHy).

Anal. Calcd for Cy)HgFi38i: C, 31.74; H, 2.18; F, 59.33. Found: ¢,
31.60; H, 2.22; F, 59.12.

1-Trimethylsilylperfluorodecyne was & colorless liquid: 'H iMR (CDCJ.3)

30.35 ppm (s, Ql3); e o (cpe1,) ¢ 86.2 (t, J = 10 Nz,

3P, -GF3), 102.2 (t,J=11 Hz, 2 F, -CF,C4), 125.2 (m, 10 F, GFyCFp (CF2)s),
129.2 ppm (m, 2 F, @Fy&F,): IR (£ilm) 3010 (C-H), ‘2250 (C=C), 1200 (CF,)
860 ca™ (810H,).

Amal. Caled for CjqfigF,Si: C, 30.24; H, l.76§ F, 62.56. Found: G,
30.13; H, 1.77; F, 62.80.

1-Trimethylsilylperfluorododecyne was a colorless liguid: 'H NMR (CDél3)

30.40 ppm ( s, -al3); 195‘ NMR (c0013, cni'013) ¢86.o (t, J = 10 Hz,

3F 'CF3)0 102.0 (m, 2 F, 'CFQC’;)) 124.8 (m, 14 F, "CFQ): 128.9 ppa (m, 2 F,
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- _2ct-‘3); IR (fi1m) 3020 (CH), 2250 (C&C), 1200 (CF,), 860 cm (51cn3).
Anal. Caled for CygHgFpy5i:  C, 29.23; H, 1.47; F, €4.74. Found: C,
28.59; H, 1.53; F, 63.71.

Reaction of l-(Trimethylsilyl)perfluorononyne with Methanol. A mixture

of 0.40 g (0.86 mwol) of 1-(trimethylsilyl)perfluorononyre, 0.6 g (k.3 imol)
of anhydrous potassium carbonate and 1.5 ml. of methunol w;us stirred at room
temperature under nitrozen for 15 h. Water was added and tue product was
extracted into ether. The ether solution was washed with water, dried over magne-
sium sulfate and stripped of solvent to give 0.33 ¢ of a 7.3:1 mixturc (by GC)
of 1,1-dimethoxy-3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-pcntadecarluorononane (735) and
l-methoxy-3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-pentadecarluorononene (1'%). The mix-
ture wvas separated by preparative GC at 60°C. The olcfin consisted of a 5.8:1
mixture of Z and E isomers; an analytical sample of the major isomer was iso-
lated as & colorless liquid: H NMR (cncx3)é6.31 (at, Jyy = 7.2 He, Jyp ® 1.8 Hz,
1 H, C=CiOMe), b.b4 (d t, Jyy - 7.2 Uz, Jyp = 15 Hz, L K, C¥,C=), 3.77 ppm (s, 3 B,
0Qi3); 5 num (coc1y) ¢ 85.0 (¢, J = 10 He, 3 F, CF3), 108.8 (q, J = 23 He, 2 F,
CFyCH=), 124.2 (w, 6 F, CFp), 125.6 (m, 2 F, CFp), 128.0 (m, 2 F, CFp).

Anal. Calecd for CipHsFis0: G, 28.19; H, 1.18. Found: C, 28.29; K,
1.15.

The dimethoxy compound was icolated as a colorless liquid: H IMR (CDCl3)
Ju.76 (t, J=68Hz, 18, Gl Qt(0Me)5), 3.39 (s, 6 H, ocu3), 2.40 ppm (n, 2 1,
CFyCHy); J'91=' MR (033013) $ 8.2 (¢, J=1012, 3F, CF3) 124.2 (m, 10 F, CF?),
128.0 ppa (m, 2 F, C.Fz).

Anal. Calcd for CnH9F1502: C, 28.84; H, 1.93; F, 62.20. Found: v,

28.62; B, 1.86; F, 62.39.




Reaction of 1,4-Diiodoperfluorobutane with Bis(trimtgxlsilyl)acetylene.

A mixture of 41 g (0.024 mol) of bis(trimethylsilyl)acetylene, 10.0 g (0.022
mol) of 1,k-diiodoperfluorcbutane and 0.11 g (0.000kk mol) of iodine was heat-
ed by the above procedure for 70 h at 200°C. Bulb-to-bulb distillation (30-
50°C, 0.12 mm, -78°C receiver) pove 7.6 g (81%) of the cyclic adduct as a
purple liquid. An analytical sacple was isolated by preparative GC (115°C):
"B MR (cocay §0.50 ppr (t, o = 1 Bz, 9 K, S1CH,), Ye nr (epcLy)
1044 (m, 2 F, &F,), 113.6 (m, 2 F, CFp), 135.2 (m, 2 F, CF,), 136.8 ppm (m,
27y, 0’2): IR (£41m) 3000 (Si!-fe3), 2940 (S:lMc3), 1590 cm.l (c=C).

Aml. Calcd for 09}191“8181: C, 25.49; H, 2.14; F, 35.82; I, 29.92.
Found: C, 25.27; H, 2.11; F, 36.02; I, 30.27.

Reaction of 1,6-Diiodoperfluorohexane with Bis(trimethylsilyl)acetylene.

A mixture of 1.2k g (0.0073 mol) of bis(trimethylsilyl)acetylene, 2.0 3
(0.0036 mol) of 1,6-diiodopertluorohexane and 0.12 g (0.000% mol) of iodinc
vas heated by the above procedure for 2% h at 200°C. Bulb-to-bulb distilla-
tion of the product (70-84°C, 0.02-0.03 mm) gave 1.09 g of liquid shown by GC
to contain 0.65 g (36%) of 1,10-bis(trimethylsilyl)perfluoro-1,9-decadiyne and
0.22 g (12%) of the cyclic adcuct (see 2iscussion). Apalytical sampies were
isolated by GC at 10500. The latter was isolated as a pale orange liquid:

'H NR (cnc13) d0.55 pon (t, J = 1 Hz, -81(a_53)3); 191-* NMR (cnc13) ¢ 97.6

(m, 2 F, CFaC=C, 105.4 (m, 2 F, CFoC=C), 1h.2 (m, 2 ¥, CFp), 126.5 (m, 2 F,
CF;), 129.6 (m, 2 F, CFp), 130.4 ppm (m, 2 F, CF,); IR (film) 3000 (-sm3),
2940 (-81Me,), 1550 ent (C=C).

Anal, Calcd for CpyHgF;~ISi: C, 25.20; H, 1.73; F, 43.49; I, 2u.21,

Found: C, 24.97; H, 1.70; F, 43.60; 1, 24,38,




1,10-bis(trimethylsilyl)perfluoro-1,9-decadiync vas isolated as a pale
pink liquid; 'H NR (cpcr) & 0.27 ppam (s, 18 H, -51Q1,) ; % nm (cueny) ? j
101.3 (m, 4 F, -C=C-CF,), 123.4 (m, 4 F, CF,), 124.8 ppm (w, 4 F, CF,); IR
(f!h) 3000 (sme3), 2940 (sme3), 2220 (C-C), 1200 (cF,), 860 em'l (51ve3).
Amal. Oaled for Cy¢cH,gF,,51,: €, 38.86; U, 3.67; ¥, 46.11. Found:
C, 38.72; H, 3.67; F, 46.25. 4
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